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PRGLILHGDVSKDOWPL[WXUHFRXOGLPSURYHWKHFKDUDFWHULVWLFVRIDVSKDOWPL[WXUHV>±@
7KHUHDUHWZREDVLFSURFHVVIRUDGGLQJFUXPEUXEEHULQDVSKDOWPL[WXUHZHWDQGGU\SURFHVV>@,QZHWSURFHVV
FUXPEUXEEHULVDGGHGWRKRWDVSKDOWDQGDOORZVWKHUXEEHUDQGDVSKDOWWRUHDFW7KHPDLQSURFHVVRIZHWSURFHVVLV
VZHOOLQJRIWKHUXEEHU,QGU\SURFHVVFUXPEUXEEHULVPL[HGZLWKWKHKRWDJJUHJDWHSULRUWRDGGLQJWKHELWXPHQ7KH
DGGLWLRQRIWLUHUXEEHULQDVSKDOWPL[WXUHVXVLQJGU\SURFHVVFRXOGLPSURYHWKHSURSHUWLHVRIUHVLVWDQFHWRSHUPDQHQW
GHIRUPDWLRQDWKLJKWHPSHUDWXUHDQGFUDFNLQJDWORZWHPSHUDWXUH>@7KHUXEEHUL]HGDVSKDOWPL[WXUHZLWKZHWSURFHVV
FRXOGREWDLQWKHGHVLUHGYROXPHWULFSDUDPHWHUVDVVSHFLILHG>@7KHSXUSRVHRIWKLVVWXG\ZDVWRLQYHVWLJDWHWKHHIIHFW
RIDGGLQJFUXPEUXEEHUWRDVSKDOWPL[WXUHXVLQJZHWSURFHVV
5HVHDUFK0HWKRGRORJ\
2.1 Materials 
,QWKLVVWXG\DVSKDOW3HUWDPLQDZLWKSHQHWUDWLRQJUDGHZDVVHOHFWHG7KLVVWXG\DSSOLHGFUXPEUXEEHUDV
DGGLWLYHLQDVSKDOWPL[WXUH7KHVL]HVRIFUXPEUXEEHUXVHGZHUHQRPPDQGQRPP7KHFRDUVH
DQGILQHDJJUHJDWHVXVHGIRUWKLVUHVHDUFKZDVVXSSOLHGIURP3DQGDDQ(DVW-DYD3URYLQFH,QGRQHVLD
2.2 Preparations of asphalt mixtures 
0DUVKDOO0L['HVLJQ0HWKRGZDVDSSOLHGWKURXJKRXWWKLVVWXG\IRUWKHXQPRGLILHGDQGFUXPEUXEEHUPRGLILHG
DVSKDOWFRQFUHWHPL[WXUH7KLVPL[GHVLJQPHWKRGLVFRPPRQO\XVHGWRGHVLJQWKHDVSKDOWPL[WXUHVLQ,QGRQHVLD,Q
WKLVVWXG\VHYHUDOVWDJHVRIODERUDWRU\H[DPLQDWLRQZHUHFRQGXFWHG)LUVWVWDJHZDVDJJUHJDWHVHOHFWLRQLQFOXGLQJWKH
GHWHUPLQDWLRQ RI DJJUHJDWH SK\VLFDO SURSHUWLHV DQG WKH FRPSRVLWH JUDGDWLRQ IRU DVSKDOW PL[WXUHV WR PHHW WKH
VSHFLILFDWLRQ UHTXLUHPHQWV 7KLV VSHFLILFDWLRQ ZDV UHIHUULQJ WR *HQHUDO 6SHFLILFDWLRQ  5HYLVHG  RI WKH
'HSDUWPHQW RI 3XEOLF :RUNV RI ,QGRQHVLD >@ 6HFRQG VWDJH ZDV DVSKDOW HYDOXDWLRQ IRU ERWK DVSKDOW PL[WXUHV
XQPRGLILHGDVSKDOWFRQFUHWHDQGFUXPEUXEEHUPRGLILHGDVSKDOWPL[WXUHVDQGDOVRHVWLPDWLQJRIWKHDVSKDOWRSWLPXP
FRQWHQWIRUHDFKDVSKDOWPL[WXUHV$WWKHHQGYHULILFDWLRQRIWKHYROXPHWULFSDUDPHWHUVZDVGRQH7KUHHVDPSOHVIRU
HDFKPL[WXUHZHUHSUHSDUHG
$GGLQJFUXPEUXEEHUWRDVSKDOWPL[WXUHVZDVFRQGXFWHGEDVHGRQZHWSURFHVV7KHDPRXQWVRIWKHFUXPEUXEEHU
ZHUHDQGE\ZHLJKWRIDVSKDOWPL[WXUH$VSKDOWZDVKHDWHGDWKLJKWHPSHUDWXUHDERXW&EHIRUHPL[LQJ
ZLWKFUXPEUXEEHU7KHPL[LQJWHPSHUDWXUHZDVNHSWFRQVWDQWLQEHWZHHQ&7KHPL[LQJSURFHVVZDVGRQH
PDQXDOO\XQWLO DKRPRJHQRXVPL[WXUHZDV UHDFKHG7KHFUXPEUXEEHUDVSKDOWPL[WXUHZDV WKHQDGGHG WR WKHKRW
DJJUHJDWH7KLVVWXG\ZDVGRQHIRUWZRGLIIHUHQWFUXPEUXEEHUVL]HV
5HVXOWVDQG'LVFXVVLRQ
3.1 Aggregates 
/DERUDWRU\ WHVW UHVXOWV IRU JHQHUDO SURSHUWLHV DJJUHJDWH LV VKRZQ LQ 7DEOH  6LHYH DQDO\VLV UHVXOWV RI WHVWHG
DJJUHJDWHVDUHVKRZQLQ)LJXUHDQG7DEOH7DEOHDOVRVKRZVFRPELQHGDJJUHJDWHJUDGDWLRQIRUDVSKDOWPL[WXUH
,WZDVGHWHUPLQHGDFFRUGLQJWRWKHVSHFLILFDWLRQUHTXLUHPHQW
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7DEOH3URSHUWLHVRIFRDUVHPHGLXPDQGILQHDJJUHJDWHV
$JJUHJDWHSURSHUWLHV 6WDQGDUG7HVW0HWKRG 6WDQGDUG5HTXLUHPHQWV 7HVW5HVXOWV
Coarse and medium aggregates 
%XONVSHFLILFJUDYLW\ 61, 0LQ 
$SSDUHQWVSHFLILFJUDYLW\ 61,  
(IIHFWLYHVSHFLILFJUDYLW\ 61,  
:DWHUDEVRUSWLRQ 61, 0D[ 
/RV$QJHOHV$EUDVLRQ 61, 0D[ 
)ODNLQHVVDQGHORQJDWLRQLQGH[ $670' 0D[ 
$GKHVLRQRIPLQHUDODJJUHJDWHWRKRWELWXPHQ 61, 0LQ !
Fine Aggregates 
%XONVSHFLILFJUDYLW\ 61, 0LQ 
$SSDUHQWVSHFLILFJUDYLW\ 61,  
:DWHUDEVRUSWLRQ 61, 0D[ 


)LJ6LHYHDQDO\VLVUHVXOWVRIWHVWHGDJJUHJDWHV
7DEOH&RPELQHGDJJUHJDWHJUDGDWLRQIRUDVSKDOWPL[WXUH
6LHYH6L]H
PP
&RDUVH$JJUHJDWH
)
PP
0HGLXP$JJUHJDWH
)
PP
)LQH$JJUHJDWH
)
PP
)LOOHU
&HPHQW
&RPELQHG
$JJUHJDWH
6SHFLILFDWLRQ
SDVVLQJ  SDVVLQJ  SDVVLQJ  
         
         
         
         
         
         
         
         
         
         
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3.2 Physical properties of asphalts 
3URSHUWLHVRIDVSKDOWDQGPRGLILHGDVSKDOWDUHVKRZQLQ7DEOHDQG7DEOH,WZDVREVHUYHGWKDWKLJKHUFUXPE
UXEEHUFRQWHQWKDGVWURQJO\HIIHFWRQUHGXFLQJSHQHWUDWLRQDQGGXFWLOLW\RIDVSKDOWRWKHUZLVHWKHVRIWHQLQJSRLQWKDG
LQFUHDVHG$OOSK\VLFDOSURSHUWLHVRIDVSKDOWZHUHZLWKLQVWDQGDUGUHTXLUHPHQWV
/RZHUSHQHWUDWLRQDQGKLJKHUVRIWHQLQJSRLQWLQFUXPEUXEEHUPRGLILHGDVSKDOWLQGLFDWHGWKDWFUXPEUXEEHUPDGH
WKHDVSKDOWPRUHVWLIIEXWDOVRUHGXFHGWKHIOH[LELOLW\RIPRGLILHGDVSKDOW/RZHUGXFWLOLW\VKRZHGWKDWDVSKDOWKDG
SRRUDGKHVLYHSURSHUWLHV$GHFUHDVHLQGXFWLOLW\YDOXHFDQEHH[SODLQHGWKDWPRGLILHGDVSKDOWZDVPDGHE\PDQXDO
EOHQGLQJSURFHVVDQGLWKDVHIIHFWVRQWKHSK\VLFDOLQWHUDFWLRQVRIWKHELWXPHQDQGFUXPEUXEEHU>@7KHEOHQGLQJ
SURFHVVZDV D FULWLFDO VWHS WR HQVXUH D KRPRJHQRXVPL[WXUH+RPRJHQHLW\ LV FUXFLDO WR GHILQLQJ DVSKDOWPL[WXUH
FKDUDFWHULVWLFV
7DEOH3URSHUWLHVRIDVSKDOWZLWKSHQHWUDWLRQJUDGH
$VSKDOW3URSHUWLHV 6WDQGDUG7HVW0HWKRG 6WDQGDUG5HTXLUHPHQWV
$VSKDOW
7HVW5HVXOWV
3HQHWUDWLRQDW&GPP 61,  
'XFWLOLW\DW&FP 61,  
6RIWHQLQJ3RLQW& 61,  
6SHFLILFJUDYLW\ 61, ! 
)ODVK3RLQW& 61,  
7DEOH3URSHUWLHVRIFUXPEUXEEHUPRGLILHGDVSKDOW
$VSKDOW3URSHUWLHV 6WDQGDUG7HVW0HWKRG
6WDQGDUG
5HTXLUHPHQWV
0RGLILHG$VSKDOW
7HVW5HVXOWV
&UXPEUXEEHUVL]H
7HVW5HVXOWV
&UXPEUXEEHUVL]H
   
3HQHWUDWLRQDW&GPP 61, 0LQ    
'XFWLOLW\DW&FP 61,     
6RIWHQLQJ3RLQW& 61,     
6SHFLILFJUDYLW\ 61, !    
)ODVK3RLQW& 61,     
3.3 Optimum asphalt content 
,QRUGHUWRGHWHUPLQHWKHRSWLPXPDVSKDOWFRQWHQWDVSKDOWFRQWHQWZDVYDULHGDWDQGE\
ZHLJKWRIDVSKDOWPL[WXUH7KUHHVDPSOHVZHUHWHVWHGIRUHDFKYDULDWLRQRIDVSKDOWFRQWHQW2SWLPXPDVSKDOWFRQWHQW
ZDVGHWHUPLQHGEDVHGRQWKHFRPELQHGUHVXOWVRI0DUVKDOO7HVWFRUUHVSRQGLQJWRWKHUHTXLUHPHQWVSHFLILFDWLRQ7DEOH
VKRZVWKHRSWLPXPDVSKDOWFRQWHQWIRUDOODVSKDOWPL[WXUHV7KHFUXPEUXEEHUGRHVQRWKDYHDVLJQLILFDQWHIIHFWRQ
RSWLPXPDVSKDOWFRQWHQWEXWWHQGHGWRGHFUHDVHRSWLPXPDVSKDOWFRQWHQWRIDVSKDOWPL[WXUH
7DEOH2SWLPXP$VSKDOW&RQWHQW
7\SHRIDVSKDOWPL[WXUH
8QPRGLILHG
DVSKDOW
PL[WXUHV
&UXPEUXEEHUPRGLILHGDVSKDOW
PL[WXUHV
&UXPEUXEEHUPRGLILHGDVSKDOW
PL[WXUHV
   
2SWLPXPDVSKDOWFRQWHQW     
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3.4 Marshall Test Results 
0DUVKDOO7HVW UHVXOWV IRU DOO DVSKDOW FRQFUHWHPL[WXUH DUH VKRZQ LQ7DEOH 7KHVH0DUVKDOO DQG IORZ WHVWVZHUH
FRQGXFWHGEDVHGRQWKHGHWHUPLQHGRSWLPXPDVSKDOWFRQWHQWIRUHDFKDVSKDOWFRQFUHWHPL[WXUH7KHXVHRIFUXPE
UXEEHUDVDQDGGLWLYHPDWHULDOLQDVSKDOWPL[WXUHKDVVDWLVIDFWRU\UHVXOWVDVDOOWKHSDUDPHWHUVYDOXHDUHZLWKLQWKH
VWDQGDUGUHTXLUHPHQWV
7DEOH&RPSDULVRQRI0DUVKDOO7HVWUHVXOWVIRUDOODVSKDOWFRQFUHWHPL[WXUHV
7\SHRIDVSKDOW
PL[WXUH
8QPRGLILHG
DVSKDOW
&UXPEUXEEHUPRGLILHGDVSKDOW
PL[WXUHV
&UXPEUXEEHUPRGLILHGDVSKDOW
PL[WXUHV 6WDQGDUGUHTXLUHPHQWV61,

   
0DUVKDOO
6WDELOLW\NJ     
0LQIRUXQPRGLILHG
DVSKDOWFRQFUHWHPL[WXUHV
0LQIRUPRGLILHG
DVSKDOWFRQFUHWHPL[WXUHV
)ORZPP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)URPWKHUHVXOWVRI0DUVKDOO7HVWLWZDVREVHUYHGWKDWWKHKLJKHUFUXPEUXEEHUFRQWHQWDQGILQHUFUXPEUXEEHU
FDXVHDQLQFUHDVHLQ0DUVKDOO6WDELOLW\DQG0DUVKDOO4XRWLHQW2QWKHFRQWUDU\WKHDGGLWLRQRIFUXPEUXEEHUGHFUHDVHV
IORZSDUDPHWHU
0DUVKDOO4XRWLHQWZKLFKLVUDWLRRIVWDELOLW\WRIORZLQGLFDWHVWKHVWUHQJWKDQGTXDOLW\RIDVSKDOWPL[WXUH7KH
KLJKHU0DUVKDOO4XRWLHQWYDOXHVKRZVWKHDVSKDOWPL[WXUHKDVPRUHVWLIIQHVVDQGVWUHQJWKWRFUDFNLQJ+HQFH WKH
DVSKDOWPL[WXUHKDVPRUHUHVLVWDQFHLQSHUPDQHQWGHIRUPDWLRQ,WLVDOVRVKRZQIRUKLJKHUFUXPEUXEEHUFRQWHQWIORZ
WHQGVWRGHFUHDVH/RZHUIORZYDOXHLQGLFDWHVWKHPL[WXUHKDVLQVXIILFLHQWDVSKDOWFRQWHQWDQGEHFRPHPRUHVWLII,WLV
DVVKRZQRQDGHFUHDVHLQRSWLPXPDVSKDOWFRQWHQW7DEOH
,WZDVDOVRVKRZQWKHDGGLWLRQRIFUXPEUXEEHUGHFUHDVHV9RLGV)LOOHGZLWK%LWXPHQ9)%9)%LVWKHYRLGVLQ
WKHPLQHUDODJJUHJDWHILOOHGZLWKDVSKDOW7KHGHFUHDVHLQ9)%LQGLFDWHVDGHFUHDVLQJHIIHFWLYHDVSKDOWILOPWKLFNQHVV
ZKLFKUHVXOWVORZHUGXUDELOLW\RIDVSKDOWPL[WXUHV
9RLGLQ0L[WXUH9,0WHQGVWRLQFUHDVHLQKLJKHUFUXPEUXEEHUFRQWHQWEXWGHFUHDVHLQILQHUFUXPEUXEEHU9,0
VKRZVWKHDLUYRLGFRQWHQW7KHKLJKHUDLUYRLGVFRQWHQWGHFUHDVHVDVSKDOWFRQWHQWLQPL[WXUH7KLVUHVXOWLVDVVKRZQ
RQDGHFUHDVHLQRSWLPXPDVSKDOWFRQWHQW7DEOH
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90$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FUXPEUXEEHUFDXVHGDGHFUHDVHLQ90$7KHORZHU90$LQGLFDWHVWKHOHVVVSDFHLVDYDLODEOHIRUWKHDVSKDOWILOP
KRZHYHUDGXUDEOHDVSKDOWPL[WXUHUHTXLUHVDQDGHTXDWHDVSKDOWILOPWKLFNQHVV
&RQFOXVLRQV
%DVHGRQWKHUHVXOWVRIODERUDWRU\LQYHVWLJDWLRQFRQFOXVLRQVRIWKLVUHVHDUFKDUHGHVFULEHGDVWKHIROORZLQJ
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 7KHDGGLWLRQRIFUXPEUXEEHUWHQGVWRLQFUHDVHWKHVWUHQJWKDQGTXDOLW\RIDVSKDOWPL[WXUH,WLVVKRZQE\DQ
LQFUHDVHLQVWDELOLW\DQGDGHFUHDVHLQIORZ
 &UXPEUXEEHUPRGLILHGDVSKDOWPL[WXUHQHHGHGOHVVDVSKDOWFRQWHQW+RZHYHUORZDVSKDOWFRQWHQWLQFUHDVHV
DLU YRLG LQ PL[WXUH DQG WKXV PL[WXUH SHUPHDELOLW\ LQFUHDVHV $V SHUPHDELOLW\ LQFUHDVHV DVSKDOW PL[WXUH
EHFRPHVOHVVGXUDEOH7KHUHIRUHLWVKRXOGEHPRUHFRQFHUQDERXWGXUDELOLW\RIDVSKDOWPL[WXUHEHFDXVHRIWKH
ORZHUDVSKDOWFRQWHQWLQFUXPEUXEEHUPRGLILHGDVSKDOWPL[WXUH
5HIHUHQFHV
>@ 160DVKDDQ$+$OL05.DULP0$EGHOD]LV(IIHFWVRIFUXPEUXEEHUFRQFHQWUDWLRQRQ WKHSK\VLFDODQGUKHRORJLFDOSURSHUWLHVRI
UXEEHULVHGELWXPHQELQGHUV,QWHUQDWLRQDO-RXUQDORIWKH3K\VLFDO6FLHQFHV
>@ 65RNDGH8VHRIZDVWHSODVWLFDQGZDVWHUXEEHUW\UHVLQIOH[LEOHKLJKZD\SDYHPHQWV,QWHUQDWLRQDO&RQIHUHQFHRQ)XWXUH(QYLURQPHQWDQG
(QHUJ\,3&%((9RO
>@ '=KDQJ;+XDQJ<=KDR6=KDQJ5XEEHUL]HGDVSKDOWPL[WXUHGHVLJQXVLQJDWKHRUHWLFDOPRGHO&RQVWUXFWLRQDQG%XLOGLQJ0DWHULDOV

>@ '/3UHVWL5HF\FOHGW\UHUXEEHUPRGLILHGELWXPHQVIRUURDGDVSKDOWPL[WXUHDOLWHUDWXUHUHYLHZ&RQVWUXFWLRQDQG%XLOGLQJ0DWHULDOV

>@ 7%XW]-0XOOHU*5LHEHVHKO,QQRYDWLYHPHWKRIIRUSURGXFLQJFUXPEHGUXEEHUPRGLILHGDVSKDOWWK(XUDVSKDOW	(XURELWXPH&RQJUHVV
,VWDQEXO
>@ :&DR6WXG\RQSURSHUWLHVRIUHF\FOHGWLUHUXEEHUPRGLILHGDVSKDOWPL[WXUHVXVLQJGU\SURFHVV&RQVWUXFWLRQDQG%XLOGLQJ0DWHULDOV

>@ 'LUHFWRUDWH*HQHUDORI6SDWLDO3ODQQLQJDQGDQG'HYHORSPHQW*HQHUDO6SHFLILFDWLRQ5HYLVHG-DNDUWD
